Purpose: The purpose of this study was to evaluate the association between ascending aortic diameter (AAD) as measured with low-dose chest computed tomography (LDCT) and hypertension in Korean men.
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) are independently related to various cardiovascular diseases [1] . These relationships have been identified in men and women, younger and older adults, different racial and ethnic groups and in patients from different countries [2] . Despite progress in cardiovascular disease prevention, the diagnosis and treatment of hypertension remains an important public health challenge [3] ; therefore, many researchers are trying to identify new, reliable and easy-to-use clinical markers associated with high blood pressure (BP).
Left ventricular function and structure, left atrial size and ascending aortic diameter (AAD) have been identified as predictors of adverse cardiovascular disease [4] . AAD is known to increase with age and the anatomic structure of the aortic root is likely to change with increases in blood pressure or the progression of atherosclerosis [4] . Thus, there has been interest in both the anatomic structure of aortic root and the aortic diameter as possible predictors of cardiovascular disease. In addition, in a number of studies researchers have investigated AAD in patients with cardiovascular disease. Enlarged aorta tends to grow atherosclerotic plaque and can cause life-threatening aortic dissection or aortic rupture; therefore, it is important to investigate the association between AAD and blood pressure in the general population without cardiovascular disease.
Low-dose chest computed tomography (LDCT) is a useful tool for lung cancer screening because it does not require 6 hours of fasting and the amount of exposure to radiation is much less than that of contrast-enhanced computed tomography. Moreover, additional information, such as the mediastinal mass and atherosclerotic calcification of coronary arteries, can be obtained through LDCT; therefore, LDCT is increasingly being used to evaluate lung lesions in many health promotion centers in Korea. Additionally, cardiac magnetic resonance imaging (MRI) is considered the gold standard method for the assessment of cardiac structure [5] ; however, differences in AAD could not be detected with MRI whereas values for AAD could be measured accurately and simply using only a few image slices from LDCT. Furthermore, ascending and descending aortic diameters are known to be closely related [6] . For these reasons, we investigated the association of AAD, as measured with LDCT, with the prevalence of hypertension in Korean men.
Methods

Study population
The present study was a retrospective cross-sectional design study that sought to evaluate the association between AAD and the prevalence of hypertension in Korean men who participated in a medical health check-up program at a health promotion center in Seoul, Korea. The study involved a total of 1,157 adult men aged 28 to 72 years who were screened for lung cancer with LDCT scans between January 1 and December 31, 2011. Of these 1,157 patients, 94 participants with known conditions that could affect the ascending aortic structure (e.g., diabetes mellitus, cardiovascular disease and all types of cancer) and 13 participants with incomplete data (e.g., missing height, weight and/or waist circumference data) were excluded. No participant had AAD wider than 5 cm, which could indicate the possibility of a thoracic aortic aneurysm. Ultimately, 1,050 participants were included in this study.
The Institutional Review Board of Ewha Womans University Mokdong Hospital approved this study. All patient records were anonymized and de-identified prior to analysis.
Anthropometric and laboratory measurements
The collected data included medical history, questionnaire, and anthropometric and laboratory measurements. Physicians assessed the medical histories, including past diseases, medications and surgery. All participants responded to a health-related behavioral questionnaire, which included items about alcohol consumption and smoking status. Alcohol consumption was recorded as the number of alcoholic drinks consumed per week and the typical number of alcoholic drinks consumed per day. Current smokers were defined as participants who reported that they had smoked within the last 6 months and non-smokers were defined as participants who had never smoked or had not smoked within the last 6 months.
The heights and weights were measured with precisions of 0.1 cm and 0.1 kg, respectively, while wearing a light gown for health examination after urinating. Body mass index (BMIs) was calculated by dividing the weight (kg) by the square of the height (m 2 ). Waist circumference (WC) was measured to a precision of 0.1cm at the midpoint between the lower rib margin and the iliac crest. Trained health care providers measured blood pressure using mercury sphygmomanometers (Baumanometer-Standby; W.A. Baum Co. Inc., New York, NY) after the participants had rested for at least 5 minutes. BP measurements were obtained with the participants in a seated position with their arms supported at the level of the heart and Suh et al. ADD and hypertension were recorded as the average of the readings from both arms. The SBP and DBP were defined as the first and fifth Korotkoff phases, respectively. The definition of hypertension followed the definitions outlined in the Eighth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (NCEP ATPIII JNC 8) [6] . According to the Eighth Joint National Committee (JNC-8) guidelines, hypertension was defined as a SBP of 140 mmHg or a DBP of 90 mmHg or higher, or by the use of medications for BP control after being diagnosed with hypertension.
For the laboratory tests, peripheral venous samples were collected from the antecubital vein after the participants had fasted for at least 8 hours. The total cholesterol, triglycerides (TG), low-density lipoprotein (LDL) cholesterol, highdensity lipoprotein (HDL) cholesterol, aspartate aminotransferase (AST), alanine aminotransferase (ALT), gamma -glutamyltransferase (GGT), and glucose levels were measured with an automated chemistry analyzer (ADVIA 1650 Autoanalyzer; Bayer Diagnostics, Leverkusen, Germany) using Bayer Reagent Packs (Bayer HealthCare, Tarrytown, NY, USA). We calculated the estimated glomerular filtration rate (eGFR) using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation: eGFR =141×min(SCr/K, 1) a ×max(SCr/K, 1) -1.209 ×0.993 age , where SCr is serum creatinine, K is 0.9, a is −0.411, min indicates the minimum of SCr/K or 1 and max indicates the maximum of SCr/K or 1 [7] .
Ascending aortic diameter (AAD) measurements
All participants performed LDCT scans using the SOMATOM Definition Flash128 (Siemens Medical Solutions, Forchheim, Germany) according to the prescribed parameters (detector collimation, slice thickness of 3 mm, tube voltage of 120 kVp and an average scan time of 4-6 seconds during suspended moderate inspiration). The ascending aorta begins at the superior part of the left ventricle and rises to a point above the pulmonary arteries where the aortic arch begins. The ascending aorta is readily identified as a circular structure from the left main coronary ostium to the level of the right pulmonary artery in the axial plane. There was no significant difference in the findings from the intra-and pericardiac structures based on non-contrast LDCT scan compared with enhanced chest CT scans, so AAD could be measured from LDCT images without difficulty [8] . Although motion of the heart may be a limitation for reconstructing CT images, the currently available LDCT allows considerable images even in the presence of heart motion. To determine the optimal site for measuring AAD, AAD was defined as the longest length of ascending aorta from approximately 15 mm above left main coronary ostium to the mid-slice level of the right pulmonary artery; total ascending aortic length of this segment is less than 4 cm. [9] . Only the aortic diameter of this segment needed to be observed and each single slice image was 3 mm in thickness, so AAD could be measured by examining 13 or fewer image slices. AAD was measured from the outer edge of the wall to the outer edge of the opposite wall in the axial plane by one skilled doctor. The LDCT used in this study is a 128 multi-detector CT with 128 detectors; therefore, the aorta (with -100 to -50 Hounsfield Unit (HU)) can be distinguished from the surrounding epicardial fat pixels (with +35 to +50 HU) without additional programs. To confirm the intra-observer repeatability of AAD and the inter-observer agreement of AAD, we re-measured AAD in 50 cases among the 1,050 participants. A re-measurement of AAD was performed by one observer using the same method at different times for the intra-observer repeatability of AAD. Similarly, inter-observer agreement of AAD was investigated by comparing the AAD values measured by two skilled observers in the same manner, blinded to each other's measurements.
Statistical analysis
All data are expressed as the mean ± standard deviation (SD) or the median (interquartile range) for continuous variables and as the percentage (%) for categorical variables. The chi-square and independent t-tests were performed for non-continuous and continuous variables, respectively. The participants were divided into the following quartiles based on their AAD values: quartile 1 (Q1), AAD < 32.09 mm; quartile 2 (Q2), AAD from 32.09 to 35.04 mm; quartile 3 (Q3), AAD from 35.04 to 38.20 mm; and quartile 4 (Q4), AAD ≥ 38.20 mm.
One-way ANOVA and chi-squared tests were performed to analyze the significance of differences between characteristics of the participants according to the AAD quartile groups. To confirm validation of the clinical measurement of AAD, the intra-observer repeatability and the inter-observer agreement of AAD were investigated in 50 cases among the 1,050 participants using the method described by Bland and Altman [10] . Analysis of intra-observer repeatability was done by calculating the difference of the average measured AAD for each participant, obtained by one observer, between two different times. The inter-observer agreement was measured by calculating the difference in the average AAD measured by two observers on each participant. Linear-by-linear associations and the associated P values were used to analyze the differences in the prevalence of hypertension according to AAD quartiles. Compared to the lowest AAD quartile (Q1), the odds ratios (ORs) and 95% confidence intervals (CI) for hypertension for the other three quartiles were calculated by logistic regression. Additionally, logistic regression was used according to AAD after adjusting for age, BMI, total cholesterol, HDL-cholesterol, GGT, ALT, smoking status and alcohol intake. A receiver operating characteristic (ROC) curve was investigated to determine the best cut-off value of AAD for indicating hypertension. The areas under the ROC curve (AUC) were obtained for hypertension. The sensitivity and specificity for best prediction of hypertension were calculated. The best critical cut-off point was selected as the largest point of tangency of the Youden index [(specificity + sensitivity) -1]. All analyses were performed using PASW statistics version 18.0 (SPSS Inc., Chicago, IL, USA) for Windows. P values below 0.05 were considered to be statistically significant.
Results
Baseline characteristics of the 1,050 study participants according to hypertension are summarized in Table 1 . The mean age was 40.9 ± 10.0 years, the BMI was 24.9 ± 3.0 kg/m 2 , the SBP was 125.2 ± 12.2 mmHg and the DBP was 76.3 ± 9.8 mmHg. Among the total of 1,050 participants, there were 325 (31.0 %) and 725 (69.0 %) participants in the hypertensive and non-hypertensive groups, respectively. In the hypertensive group, 137 subjects had been previously diagnosed with hypertension by a physician and 188 subjects were newly diagnosed. Among the total of 325 hypertensive participants, SBP (148.0 ± 8.4 mmHg vs. 129.9 ± 10.1 mmHg, P < 0.001) and DBP (97.8 ± 7.4 mmHg vs. 83.7 ± 7.1 mmHg, P < 0.001) were significantly higher in the group with newly-diagnosed hypertension compared to the existing hypertension group. The ages (43.0 ± 10.4 years vs. 39.9 ± 9.8 years, P < 0.001) and BMIs (25.9 ± 3.1 kg/m 2 vs. 24.5 ± 2.8 kg/m 2 , P < 0.001) were significantly higher in the hypertensive group. Also, TG, AST, ALT, GGT and fasting glucose levels were significantly different between the two groups. The 325 participants with hypertension were confirmed to be older and more obese and to have more metabolically unhealthy findings; however, total cholesterol, LDL-cholesterol, HDL-cholesterol, smoking status and alcohol intake were not significantly different between the groups with and without hypertension. Additionally, the mean AAD in the hypertensive group (37.2 ± 9.4 mm) was significantly greater than that in the non-hypertensive group (33.7 ± 8.5), respectively (P < 0.001).
Results of the intra-observer repeatability and inter-observer agreement of measured AAD are shown in Table 2 . The mean difference (bias) of the two AAD values measured in the same participant by one examiner at different times was not significantly different: mean difference = 0.4 mm, t = 1.07, d.f. = 49, P = 0.42. Also, the mean difference (bias) of the two AAD values measured in the same participant by two examiners was not significantly different: mean difference = 0.6 mm, t = 1.31, d.f. = 98, P = 0.16. These data confirm a very good repeatability of AAD and show that the inter-observer measurements of AAD were not significantly different. Also, the observed difference of AAD (2.1 mm) between HTN and non-HTN groups can be sufficiently detectable in this way.
In Table 3 , the demographic and biochemical characteristics are presented according to the AAD quartile groups. There were tendencies toward the higher AAD quartiles of being older, more obese and exhibiting less favorable metabolic profiles. The patients' ages, BMIs, SBPs, DBPs, LDL-cholesterols, TGs, GGTs and fasting glucose levels increased (in some cases this increase was statistically significant) according to the AAD quartile groups. Higher AADs were also confirmed to be associated with greater proportion of current smokers (P for trend = 0.041). When the patients were divided into four quartiles based on AAD, the proportion of hypertension were found to be 17.1% (45 participants) in Q1, 25.9% (68 participants) in Q2, 35.9% (95 participants) in Q3 and 44.8% (117 participants) in Q4 (P < 0.001). As expected, the proportion of hypertension tended to increase depending on the AAD quartile groups (P for trend < 0.001).
The ORs and 95% CIs for hypertension in relation to the AAD quartile groups are presented in Table 4 . Q1 was the reference group used for the comparisons between groups. In the unadjusted model, the ORs (95% CIs) for hypertension were 1.70 (1.11-2.59) in Q2, 2.72 (1.81-4.09) in Q3 and 3.94 (2.63-5.89) in Q4 compared with Q1 (P for the linear trend < 0.001). In the multivariate adjusted model, data were adjusted for the confounding variables of age, BMI, total cholesterol, HDL-cholesterol, fasting glucose, GGT, ALT, eGFR, smoking status and alcohol intake that might have affected the relationship between AAD and hypertension. Even after the adjustments for the above-mentioned factors, the ORs for prevalence of hypertension were 2.27 (1.08-4.77) in Q2, 4.21 (1.97-8.89) in Q3 and 4.59 (2.03-10.38) in Q4. Based on these results, we confirmed that the proportion of hypertension tended to increase depending on the AAD (P for linear trend < 0.001). The AUC of AAD for the prediction of Inter-observer agreement 0.6 0.59 -0.56 to +1.76 AAD; ascending aorta diameter, SD; standard deviation *95% limits were the mean difference ±51.96 x standard deviation of the differences.
AAD; ascending aorta diameter, SD; standard deviation *95% limits were the mean difference ±51.96 x standard deviation of the differences.
AAD; ascending aorta diameter, SD; standard deviation *95% limits were the mean difference ±51.96 x standard deviation of the differences. hypertension was 0.705 (95% CI, 0.665-0.745; P = 0.016). The best cut-off value of AAD for indicating hypertension, according to the maximum of the Youden index, was 35.9 mm. Sensitivity and specificity were 72.9% and 48.3%, respectively.
Discussion
In the present study, AAD was found to be positively associated with the proportion of hypertension in Korean men. The proportion of hypertension increased in a dose-dependent manner according to the increasing ADD quartiles (P for trend <0.001). According to the ADD quartiles, the proportion of hypertension in Q2, 3, and 4 were 1.70-, 2.72-and 3.94-fold greater than that in Q1 (the lowest ADDs), respectively. Even after adjusting for age, BMI, total cholesterol, HDL-cholesterol, fasting serum glucose, GGT, ALT, eGFR, smoking status and alcohol intake, this association was maintained.
Although the exact mechanism of dilatation of AAD is not known, there are a few possible explanations of the association between AAD and hypertension. Several mechanisms, including oxidative stress, hemodynamic changes, destructive remodeling of the extracellular matrix, familial predisposition and trans-mural inflammation are likely to be involved in the above-mentioned association [9, [11] [12] [13] [14] . AAD; ascending aorta diameter, ALT; alanine aminotransferase, AST; aspartate transaminase, BMI; body mass index, BP; blood pressure, GGT; gamma-glutamyltransferase, eGFR; estimated glomerular filtration rate, HDL; high density lipoprotein, LDL; low density lipoprotein, SCr; serum creatinine. * P for trend by ANOVA test for continuous variables and chi square test for categorical variables.
AAD; ascending aorta diameter, ALT; alanine aminotransferase, AST; aspartate transaminase, BMI; body mass index, BP; blood pressure, GGT; gamma-glutamyltransferase, eGFR; estimated glomerular filtration rate, HDL; high density lipoprotein, LDL; low density lipoprotein, SCr; serum creatinine. * P for trend by ANOVA test for continuous variables and chi square test for categorical variables.
most important role in the dilatation of AAD [11, 15] . Oxidative stress is induced following tissue damage, which occurs following the increased production and/or decreased destruction of reactive oxygen species. Inflammatory cells, lipid mediators, smooth muscle cells, growth factors and mechanical stretching are known to produce these reactive oxygen species within the environment surrounding the aortic root [16, 17] . Because these factors are responsible for the regulation of matrix metalloproteinases and smooth muscle cell apoptosis, these conditions result in changes in the balance between the generation and destruction of the aortic wall [18] and are consequently thought to result in increases in the diameter of the aorta. Additionally, smoking, endothelial dysfunction and increased epicardial adipose tissue may be risk factors for the expansion of the ascending aortic diameter due to local or systemic effects in hypertensive patients [19] . Epicardial adipose tissue is known to secrete inflammation-related materials, such as tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), free fatty acids (FFAs) and adiponectin, into the blood vessels surrounding aorta and thereby influence the aortic diameter [20] . Additionally, it has been previously reported that the aortic diameter increases with age [21, 22] . The possibility of aortic diameter dilatations with increasing age should be considered; thus, we adjusted for age in the multivariate analysis in this study. Despite adjustment for the effect of age on the aortic diameter, the association between aortic diameter and blood pressure was still maintained. Several studies have reported associations between AAD and cardiovascular risk factors, including high blood pressure; however, the range of normal aortic diameters is not yet known. A previously published report that examined the aortic structure on cardiac computed tomography encountered some limitations and failed to define an abnormal range for AADs [23] [24] [25] . Moreover, AADs are greater in men, increase with age and are significantly and linearly associated with the descending aortic diameter and pulmonary artery diameter [23, 24] ; therefore, we adjusted for age because this study targeted healthy men without cardiovascular diseases and measured only the AAD to evaluate its relevance to hypertension. The Healthy Coronary Artery Risk Development in Young Adults (CARDIA) study, which registered 3,051 participants and followed them for 20 years, reported that smoking, blood pressure and body weight gain were modifiable factors that affected aortic root dilatation [25] . The aortic root dimensions were measured with M-mode echocardiography in the CARDIA study, whereas current trend involves the use of bi-dimensional echocardiography to determine the size of the aorta. Several studies have reported the association between ADD and pulmonary hypertension [26, 27] . In comparison, the present study is meaningful in that the association between ADD and hypertension was directly examined using LDCT scans, which are used frequently due to the advantages of not requiring fasting and requiring a reduced radiation exposure. The association between aortic enlargement and hypertension have already been reported [28, 29] ; however, we analyzed many more subjects than these previous studies. For this reason, this study has more strength. Finally, although the AAD cut-off value indicating hypertension was calculated to be 35.9 mm from the ROC curve, there is no consensus on how to accurately measure AAD. Thus, for the time being, more attention should be paid to the association between AAD and blood pressure, especially if AAD is wider than 35.9 mm. Although the results of this study were highly significant, some limitations should be considered. Because this was a cross-sectional study, despite confirming the association between AAD and hypertension, we were unable to examine the causal relationship between these factors. The participants who were enrolled in this study were relatively young and highly interested in their health. Moreover, most of the examinees that had the LDCT scans during the study period were men, and the number of women examinees was too small to be included in the study. For this reason, we included only male participants who underwent LDCT scans in a single institution; thus, the results of this study may not be applicable to the general population. Despite these limitations, we demonstrated a significant association between ADD and hypertension in Korean men after adjusting for age, BMI, blood cholesterol levels, liver enzymes and lifestyle factors. Additionally, LDCT scans with axial images do not enable proper evaluation of the delicate proximal portion of the ascending aorta, due to the complexity of the structures surrounding the aortic root; thus, we could not measure the area of ascending aorta but only the diameter of ascending aorta. Furthermore, aortic measurement can be influenced by the motion of the heart throughout the cardiac cycle. Nevertheless, it is important that we were able to measure the aortic root diameter very simply, without the requirement of specific software programs, and that we confirmed the statistically significant association between aortic diameter and hypertension.
In conclusion, we confirmed that ADD, as measured with LDCT, is independently-associated with the proportion of the hypertension in Korean men. Additionally, it is necessary to perform additional randomized and controlled studies to clarify the possible role and mechanism of AAD on blood pressure in the future.
